Abstract: Lymphatic and venous systems work together to drain interstitial fluid and blood respectively. Data on lymphatic function in chronic venous insufficiency and in chronic venous ulcerations are discordant. Modification of lymphatic function in acute venous thrombosis have been never described. The aim of this study is to report the modifications of the function of the lymphatic system in acute venous thrombosis, chronic venous ulceration and post-thrombotic syndrome. Discussion: The compensatory function of lymphatic system in acute venous thrombosis is definitively demonstrated. The lymphatic drainage of the limb affected by chronic venous ulceration is reduced. After the healing of the ulceration the lymphatic flow of the limbs affected by post-thrombotic syndrome improves but it remains under the levels of normal subjects.
INTRODUCTION
The blood circulation has been well studied since its discovery by William Harvey [1] . On the contrary, the lymphatic system has mostly been neglected although the lymphatic vessels were discovered by Gaspare Aselli [2, 3] and described in his famous book "De Lactibus Sine Lacteis Venis" at the same time. Venous and lymphatic systems work together to drain blood and interstitial fluid, respectively, every second of our life.
In chronic venous insufficiency, increased intralymphatic pressure and dilatation of the lymphatics accompany increased venous pressure [4] [5] [6] . Isotope lymphography, in patients with lower extremities edema of venous origin, revealed, in one study, an increase of the lymphatic flow [7] . Lymphoscintigraphy in patients with chronic venous ulceration showed a reduction of the lymph flow [8, 9] . Incomplete filling of dermal lymphatics has been seen adjacent to venous ulcers by direct contrast lymphography [10] .
Venous disease is the most common cause of leg ulcer.
Varicous veins are present in nearly the 30% of the female and in nearly the 15% of the male adult [11] [12] [13] [14] [15] [16] [17] . Venous *Address correspondence to this author at the Via Fratelli Coda 67/5 A, 16166-Genoa, Italy; Tel: +39-010-3724909; E-mail: andrea.cariati@libero.it ulcers occur in nearly the 0.3% of adult population in Western countries [13, 18] . The prevalence of active and healed ulcers, combined, is nearly 1% [19, 20] . The overall prognosis of venous ulcers is poor: the 20% remain open at two years and the 8% at five years [21] . The annual cost of venous ulcers has been estimated to be superior to 1 billion US dollars in United States of America [22] and the cost of chronic venous insufficiency to the society is estimated to be near one billion US dollars in United Kingdom [23, 24] , Germany and France [25, 26] .
Of the seven million people suffering of venous disease in USA nearly one million develop venous leg ulcers [27] . The average cost for one patient with venous leg ulcer is estimated to be 40.000 $ [27] . These data suggest the social and the economic importance of this disease and stress the importance of a good knowledge of the relationship between lymphatic and venous systems.
The aim of this study is to report the function of the lymphatic system of the lower limbs using qualitative and semiquantitative lymphoscintigraphy in: acute venous thrombosis, post-thrombotic syndrome with venous ulceration, postthrombotic syndrome without ulceration and control subjects.
MATERIAL AND METHODS
Patients data were collected from 1992 to 2000 at the Institute of Surgical Anatomy of the University of Genoa (San Martino Hospital, Genoa, Italy) and from 2000 to 2008 at the Department of General and Vascular surgery of Villa Scassi Hospital, Genoa, Italy. All the patients enclosed in the present study signed an informed consent.
Patients
Group a: thirteen patients (13 limbs, 3 men and 10 women; average age 45 year-old; range 27-68 years) affected by acute venous thrombosis (echo-doppler diagnosis) in absence of malignancies.
Group b: Six healthy volunteers (12 limbs) free of lymphatic and venous pathology (2 men, 4 women; average age 41 year-old; range 24-65 years).
Group c: eight patients with uncured chronic venous ulcerations (10 limbs because two had bilateral ulcerations) (6 men, 2 women; average age 62 year-old; range 44-76 years). These patients had chronic venous ulcerations for more than one year.
Group d: five patients with post-thrombotic syndrome that had a chronic venous ulceration that closed with medical, compressive and surgical therapies (6 limbs because one had bilateral ulcerations) (3 men, 2 women; average age 64 year-old; 51-76 years). All these patients underwent surgical ligature of incompetent veins (for example ligature of an incompetent great saphenous vein or of a perforant vein) and compressive theraphy. After 6-10 months from surgery the ulcers closed.
All the patients were studied by venous echo-doppler that revealed, in group a, the acute venous thrombosis and in groups c and d the venous insufficiency.
Using an insuline syringe, 0.1-0.2 ml of tracer, corresponding to 20 M Bq of (99m)Tc microcolloidal sulphire (Lymphoscint Solco® or Lymphoscint Nanocoll®) was injected in the first and third interdigital plicae in the subcutaneous tissue. Scintigraphic scans were taken at time zero and after 15, 30 and 60 minutes at the injection site and at the inguinal lymph nodes. Images are acquired using a gammacamera to great field (Elscint SPX or Siemens ECAM) with a collimator for low energies and high resolution (APS-45HR) (matrix 128 x 128). The dynamic acquisition allows to see the lymphatics and the lymphonodes. During the first hour patients were kept at complete rest: TI 60 indicate the passive drainage of the lymph. The semi-quantitative evaluation of the lymphatic drainage is extablished by a numeric index (TI 60) calculated as: TI 60 = K + D + 0.04T + N + V. K is the lymphatic kinetics (no delay = 0, low grade delay = 3, extreme delay = 5, lack of transport = 9); D is the distribution pattern of the tracer (normal = 0, partial diffuse = 3, diffuse = 5, transport stop = 9); T is the time expressed in minutes of tracer appearance in the inguinal lymph nodes (no appearance is 9), N is related to the number of inguinal lymph nodes seen at lymphoscintigraphy (no lymph nodes = 9, 1 lymph node = 5, from 1 to 4 lymph nodes = 3, more than 4 lymph nodes = 0) V is the ratio between the visualization of lymph vessels and the visualization of lymph nodes (clearly demonstrated = 0, faint visualization = 3, hardly recognizable = 5, no visualization = 9). The patients were invited to walk normally after the first hour.
An abdominal scan was performed in patients with bilateral ulceration (two patients of group c) and in patients with post-thrombotic syndrome (group d) in order to study the liver uptake of the tracer.
Statistical analysis have been done using Kruscal-Wallis statistic for four groups, Mann-Whitney test with Bonferroni correction for non-parametric multiple comparisons of the TI 60 values.
RESULTS
Lymphoscintigraphy in group a patients shows constantly an acceleration of the drainage of the tracer from the interstitial space and an higher percentage of accumulation of the tracer in the inguinal lymph nodes respect to the contralateral limb (Figs. 1, 2) . Fig. (1) . Lymphoscintigraphy of inguinal lymph nodes after 60 minutes from the injection of the tracer in a patient with left deep acute venous thrombosis: increase of the uptake of the tracer in the inguinal lymph nodes of the affected limb respect to the contralateral one. In fact, in the left limb, there is a rapid transport of the tracer without extravascular diffusion, a fast appearance of the tracer in the inguinal lymph nodes with more than 4 visible lymph nodes and a clearly demonstration of lymphatic vessel, in early phases, and of lymph nodes, later. Lymphoscintigraphy in group c patients with unilateral chronic venous ulcer reveals a delay of the drainage of the tracer from the interstitial space and a reduction of the accu-mulation of the marker in the inguinal lymph nodes respect to the heterolateral limb (Fig. 3) . Patients with bilateral chronic venous ulceration have an important delay in the drainage of the tracer with the absence of the tracer in the liver after 2 hours (Fig. 4) . Fig. (3) . Lymphoscintigraphy reveals a marked delay in the drainage of the tracer in the limb affected by chronic venous ulceration: reduction of the uptake of the tracer in the inguinal lymph nodes of the affected side. In fact, there is a extreme delay of the tracer with an extravascular diffusion; a faint visualization of the ratio between lymph nodes and lymphatics with a minor number of visible inguinal lymph nodes. Patients with post-thrombotic syndrome, after the closure of chronic venous ulceration (group d), have an improvement of the lymph flow. In the group d patient with bilateral ulcerations, after the healing of the ulcers, the tracer appear in the liver after 2 hours (Fig. 5) .
The TI 60 is different among the four groups (TI 60 of group a is 398; TI 60 of group b is 203; TI 60 of group c is 114; TI 60 of group d is 148) (Kruskal-Wallis test; D = 2048, 45; H = 14,275; this value exceeds the value 12,838 that defines the greatest 0.5% of values of the chi square distribution with v = k -1 = 4 -1 = 3 degrees of freedom; p 0.005).
The Mann-Whitney test among group a and group b (controls) reveals that difference for TI 60 is significant (smallest T = 100; t = 156; t = 18,384; z t = 3,07; p 0.005). Comparison of values of TI 60 between groups b (controls) and c shows significant differences (Mann-Whitney test; smallest T = 29; t = 57; t = 10,677; z t = 2,75; p 0.01); also TI 60 values of group b (controls) and group d have significant differences (Mann-Whitney test; smallest T = 62; t = 115; t = 14,832; z t = 3,539; p 0.001). On the contrary, comparison of groups c and d has no significant differences (Mann-Whitney test; smallest T = 65; t = 51; t = 9,219; z t = 1,464; p = ns). See Table 1 .
DISCUSSION
The lymphatic system have always a compensatory function in acute venous thrombosis. Lymphoscintigraphy reveals that in the affected limb the lymphatic drainage of the interstitial space is increased respect to the controls. Moreover, also the percentage of tracer retained by inguinal lymph nodes (TI 60) is significantly higher in the affected limb. These data definitively demonstrate that in acute venous thrombosis the lymphatic system drain more interstitial fluid in order to reduce the local edema. The incidence of postthrombotic syndrome is nearly 35%-69% at three years after deep venous thrombosis and from 49% to 100% after five to ten years [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] .
Patients with chronic venous obstruction and venous reflux have the highest incidence of ulcerations [40] . When patients have been treated with adequate anticoagulation, mobilization and elastic compression, that enhance the lymphatic drainage, skin ulcerations are present in 4%-8% depending of the use of effective compressive therapy and local hygiene [41, 42] . These data suggest that a good compensatory function of the lymphatic system in deep venous thrombosis reduce local edema and prevent skin ulceration.
Patients with post-thrombotic syndrome and chronic venous ulcer have at lymphoscintigraphy a decreased lymphatic transport respect to controls. Morphologic studies have shown the collapse of lymphatics adjacent to venous ulcer [43] . At capillaroscopy, capillaries are dilated and associated with microedema and pericapillary fibrin [44] . Moreover, studies with electron microscopy reveals a marked reduction of the number of lymphatics in the ulcer, in para-ulcerous skin and several damages of the endothelial cells of lymphatics wall with the proliferation of microfilaments, the formation of vacuoles, the dilatation of mitochondria and the onset of the pinocytosis phenomenon [45] . These morphologic alterations of the endothelial cells indicate a cell suffering that impair the mechanisms of cell transport of ions, macromolecules and fluid. The smooth muscle cells in the wall of lymphatic collectors are damaged and shows vacuoles and destruction of myofibrils [45] . These alterations are the direct consequence of the venous hypertension and collaborate to the formation and the maintenance of venous ulceration. In fact, in patients with venous hypertension the white cells accumulate in vascular endothelium [46] [47] [48] . In absence of acute inflammation or infection the leucocytes pass into the interstitial space and are drained by lymphatics. In presence of a dermal infection or of a scratch lesion of the skin the lymphocytes are recalled in the interstitial space; the small lymphatics are plugged by lymphangitis and lymphangiothrombosis; the macromolecules that usually are drained by lymphatics "trap" the growth factors [49] ; the lysosomial enzymes "digest" tissues and produces the ulceration.
Usually, in normal conditions the lymph flow of the leg goes from the superficial lymphatics to the subfascial lymphatics through out perforating lymphatic vessels [50] ; in chronic venous ulcer the perforating lymphatic channels have an inverse flow (reflux) from the subfascial lymphatics to the epifascial ones [50] . The inadequate lymphatic drainage of the lipodermatosclerotic skin near the ulcer is responsible for local accumulation of fluid and catabolins. In previous studies we demonstrated that after the surgical and the compressive therapy of venous insufficiency and the local disinfection and cleaning of the ulcer there is an improvement of the lymph flow that is associated with the closure of the ulceration [51] .
Patients with post-thrombotic syndrome without ulceration have a significantly reduced lymphatic drainage respect to controls but late abdominal scan with lymphoscintigraphy reveals a better drainage respect to patients with ulcerations (visualization of the liver after two hours) [51] .
A recent review article on lymphoscintigraphy in chronic oedema [52] report different protocols for lymphoscintigraphy but it is restricted to the study of lymphedema patients and it don't consider patients with venous oedema, in particular there are not studies about the function of lymphatic system in patients with acute venous thrombosis, chronic venous ulcerations and in patients after the healing of the ulcers.
In conclusion, lymphatic system works together with venous system. It has a compensatory function in acute venous thrombosis. It has an important role in the formation and in the maintenance of chronic venous ulceration. Moreover recent studies [53, 54] indicate a crucial role of the vascular endothelial growth factor (VEGF)-C in the regulation of the expression of plated-derived growth factor (PDGF)-BB that is essential for capillary stabilization during angiogenic process [53] . Corneal inflammation is the most commonly used animal model to investigate lymphangiogenesis [54] . The source of VEGF-C comes from bone marrow CD11+ myeloid cell that are recruited to the inflamed corneal stroma. These results could be, in the next future, of clinical utility. In fact, interleukin-1 (IL-1) increases VEGF-C and VEGFR-mRNA in macrophages and the application of IL-1-treated diabetes macrophages in diabetic mice induces lymphatic vessel formation and accelerated wound healing [54] .
